The target date in 2015 for the United Nation's Millennium Development Goals (MDGs) was reached, and a new period of global goals for the post-2015 is dawning. To assess whether and how regional progress towards achieving the MDGs has contributed to better quality of life in developing nations, we formulated a correlation between various aspects of human development, indicated by MDG indicators, and subjective well-being (SWB), a response to the question of how much people feel happy or satisfied. We demonstrated that national levels of SWB can be explained by the degree of development; poverty reduction is the strongest determinant, and achieving the MDGs is associated with higher SWB levels. Scenario assessment of SWB allowed which domain of development should be improved preferentially in each region to be determined, hence the SWB approach is expected to offer an innovative proxy of human development for the assessment of the Sustainable Development Goals (SDGs).
Introduction
The United Nation's framework of eight Millennium Development Goals (MDGs), composed of 21 targets and 60 quantitative indicators of progress over a period of 25 years from 1990 [1] , addresses multidimensional poverty problems by integrating a collection of specific targets set at many UN conferences in the 1990s [2] , and has given governments an incentive to take concrete actions on human development [3] . As we reached the end of MDG period, it is urgent to evaluate the MDG framework and to consider if new development agenda beyond 2015 are designed to benefit all of humankind.
Here are some key questions we have to ask: by pursuing MDGs for the last 15 years, are all challenged people enjoying better quality of life than before? If so, how much does each MDG target contribute, and how should we set prioritized targets specific to national or regional contexts in the coming years? The first question is based on the concept that a common desire to remedy the circumstances which limit well-being underlies the global attention to human development. Even though the ultimate objective of pursuing MDGs has not been mentioned explicitly in official statements or the Millennium Declaration [2, 4] , "the end of development must be human well-being" [5] (p. 10).
A way to answer these questions uses the concept of subjective well-being (SWB). Although some aspects of human well-being can be captured by economic or social indicators, such as national income and life expectancy, SWB is considered to be another measure of human well-being in addition to these indicators [6] . SWB refers to people's affective and cognitive evaluations of their own lives and can be assessed as a response to the question of how much they usually feel happy or satisfied [7] . The SWB approach has attracted attention not only in economics, but also in psychology, sociology, and political science [8] , since the estimation of functional relations between SWB levels and its determinants through econometric analyses provides us much information on what makes people happier.
While the number of studies on happiness or SWB is increasing, a linkage between global development efforts like the MDGs and SWB is yet to be investigated. Most happiness studies have been devoted to developed nations [9] , where economic growth does not increase happiness [10] , since material needs are adequately satisfied, and non-material determinants, such as social capital or good relationships with family members and also with communities, contribute more to happiness [11, 12] . This focus might lead to a misunderstanding that happiness is the norm throughout the world [13] and to the neglect of research on how financial and material aids influence the happiness of people in developing nations, where material factors also make a difference. Therefore, whether the improvements in multidimensional aspects of life, which can be represented by indicator values in the MDGs, really has contributed to the enhancement of happiness should be re-examined now, particularly in developing nations.
There has been much debate on the relationship between happiness and income. One of the considerable issues on it is a problem of "happy peasant" and "miserable millionaire"-the poor may report that they are happy because they have low expectations or are less ambitious and not aware of a better lifestyle, meanwhile people in lower-middle-income class tend to give lower scores due to high aspirations or comparison with others [9, 14, 15] . This phenomenon at the micro-level can be found especially in rapidly growing developing nations, whose MDG indicators and SWB scores we intend to address in this study. Some studies have made it clear, however, that respondents in poorer economies display stronger correlations between income and SWB scores compared to wealthy economies [16] .
The objectives of our study were two-fold: firstly, we formulated the relation between the national average level of SWB and the degree of development within the nation derived from MDG indicators, based on an assumption that low-to middle-income nations were still making efforts to reach the MDG targets, and that an arithmetic mean level of SWB within a nation is not subject to the effects of "happiness peasant" paradox at the micro-level. This is based on a cross-sectional study, not a longitudinal one. Secondly, we estimated the past and present levels of SWB by region using a proposed equation in order to assess the effects of achieving MDGs and to consider which domain of development should be given the highest priority by each national government.
We demonstrated that national levels of SWB can be explained by four components of human development: poverty reduction, social welfare, spread of tuberculosis, and environment, of which the strongest determinant of SWB was poverty reduction. We also found, from the estimation of SWB levels by region in 1990 and 2010, that there was still room for development in poverty reduction in sub-Saharan Africa, while Oceania needs every component to be improved.
Since SWB comprehensively reflects what the citizens really demand and emphasize, the SWB approach has the potential to offer a new development index beyond the conventional measures based on a limited number of aspects of human well-being such as GDP per capita, the Human Development Index (HDI) [5] , and the Better Life Index proposed by the Organisation for Economic Co-operation and Development (OECD) [17] . The estimation of SWB levels can also give a clue to Future Earth's research priority B1-7: "Which measures and metrics of human well-being and progress should support the UN post-2015 development agenda? What scientific evidence and analysis is needed to monitor and evaluate sustainable development goals at different scales?" [18] (p. 19). 
Materials and Methods

MDG Monitoring Indicators
The official data for all Millennium Development Goals (MDGs) indicators are available at the UN website [19] . The site compiles almost all data for more than 60 indicators reported by national statistical services or international agencies. We calculated the arithmetic mean of each indicator value in the 2000s (Table A1) , because abundant data were collected in many nations during this period.
We selected 27 (29 if three sub-indicators of Target 6.9 are counted separately) out of 60 indicators (but no other sub-indicators) to encompass all eight goals and all quantitative targets clearly defined with a deadline for which national average values are available in as many low-to middle-income nations as possible. However, Target 7.D, a quantitative target, could not been covered owing to the lack of data on the proportion of urban population living in slums.
Measure of Subjective Well-Being
"Happiness" and subjective well-being (SWB) are both multifaceted concepts and are not identical. Happiness can be classified into three levels: positive/negative feelings or emotions, judgments about the balance of feelings over the long term, and quality of life, or Aristotle's idea of eudaimonia [20] . The concept of SWB relates to the first and the second levels of happiness, and consists of two components: affective reactions and cognitive judgments of a person toward his/her whole life [21] . Affective reactions refer to how pleasant/unpleasant the person's life usually feels, commonly assessed by such measures as Bradburn's Affect Balance Scale [22] . Cognitive judgments, on the other hand, refer to the global self-evaluation of a person's life or satisfaction with life as a whole, sometimes within specific areas of life (work, marriage, family etc.), which has been used in a lot of recent studies on happiness [23] .
The validity of SWB measures is supported by many publications (see more comprehensive discussion in [7, 24, 25] , and the choice of which measures to use in a study depends on what is to be analyzed, although there is variability in the adequacy and the strengths and limitations of each measure [26] . For example, measures of cognitive aspects of SWB are perceived as more appropriate than scales of instant positive/negative feelings when analyzing the influence of external factors on happiness, because instant feelings have a lower correlation with life circumstances [27] .
There we have two types of SWB measures: Life Satisfaction (LS) surveyed by Gallup World Poll and Satisfaction With Life (SWL) adopted in many national and institutional surveys such as World Value Survey. Gallup surveys levels of LS in over 160 nations and regions by interviewing 1000 individuals aged 15 years or older per nation each year, and thus the data are valid within a 95% confidence interval [28] . Respondents in all nations answered the same question:
Please imagine a ladder/mountain with steps numbered from zero at the bottom to ten at the top. Suppose we say that the top of the ladder/mountain represents the best possible life for you, and the bottom of the ladder/mountain represents the worst possible life for you. On which step of the ladder/mountain do you feel you personally stand at the present time?
( [29] (p. 44)) which refers to Cantril's Self-Anchoring Ladder [30] . On the other hand, the SWL score is a response to the following question:
All things considered, how satisfied are you with your life as a whole these days? Using this card on which 1 means you are "completely dissatisfied" and 10 means you are "completely satisfied," where would you put your satisfaction with your life as a whole? which encourages respondents to rate their lives in more relative terms [29, 31] . In this study, the LS score was adopted as a measure of SWB on the assumption that it reflects income-related indicators, some of which are employed in MDG framework. We used a dataset of LS available in the World Happiness Report 2013 (see Table A1 ), whose data are based on Gallup World Poll surveys and are averaged over 2005 to 2007 to reduce uncertainty [32] .
Sample Nations
We selected 56 nations for which all arithmetic means of all 29 indicators in the 2000s and the national average level of LS were available ( Table 1 ). All high-income nations were removed, but some advanced nations with middle incomes, such as Belarus and Moldova, were included. Regional classifications and grouping by national income level are based on UN designations. 
Statistical Analyses
Some MDG indicators have a strong correlation with one another [33] , which can lead to multicollinearity in subsequent multiple linear regression analyses of SWB. Therefore, we performed principal component analysis (PCA) with varimax rotation in order to make new independent variables reflecting different dimensions of human development: 
where values were standardized using the average value (I m ) and standard deviation (SD m ) of the m th indicator for the 56 nations, and the PCj score of the i th nation`X ij˘w as obtained as the inner product of standardized scores (Z i ) and the scoring coefficients matrix (w j ). Some indicators which could better be approximated by log-normal distribution were log-transformed. PC scores of other nations (Japan, for instance) could be calculated in the same way. The appropriateness of this analysis was confirmed by the Kaiser-Meyer-Olkin Measure of Sampling Adequacy [34] . Most happiness studies assume that SWB can be regarded as cardinal and comparable among individuals in an econometric approach [9] , and generally use regression analysis to determine the relative contributions of variables. In this way, an SWB score serves as a dependent variable, and observed external factors or social indices function as explanatory variables. While there seems to be little difference between a simple ordinary least-squares regression and an ordered logit or probit model [35] , the ordered logit or probit model is more appropriate if the dependent variable has a discrete distribution (i.e., integer values of 0, 1, 2, . . . ). We assumed that national average scores of SWB are continuously distributed, so we used the ordinary least-squares multiple linear regression analysis:
where A, B j , and C k indicate regression coefficients, X ij is the PCj score in the i th nation, Y ik is the regional dummy variable, and m is the arithmetic mean value of LS for all 56 nations. We used the averaged value of GDP per capita (PPP, International $) in the 2000s available in the World Economic Outlook Database [36], which were log-transformed in order to reflect many empirical studies showing that the logarithm of income variable has a linear relationship with SWB [31] . In this study, we performed regression analyses for four models: (1) MDG-based PCs; (2) MDG-based PCs + regional dummy; (3) logGDP; and (4) logGDP + regional dummy. The distribution of LS score by each PC can be obtained from the following equation:
PCA and regression analysis were conducted in SPSS v. 22.0 (IBM Corp.).
Scenario Assessment
By assigning the regional dataset of 29 MDG indicators in 1990 and 2010 [19] into Equations (1)- (3), we estimated the average level of LS across each region. For missing values we substituted values estimated mainly by calculating the population-weighted average of nation-specific data (Table A2) .
To assess the Full-MDG levels of LS when all quantitative targets were achieved within each region, we assessed a scenario shown in Table 2 . In the scenario, numerically-defined targets (shaded cells) are accomplished as shown, and some targets without any quantitative criteria are achieved at the world average level in 2010, so that most developing regions can make moderate realistic progress. If some regions had already achieved any quantitative target, we assumed that they maintained the same level as in 2010. Values of Indicators 7.1 and 7.6 were kept at the same standards as in 2010 for every region because they involve geographical conditions. The amount of CO 2 emissions (Indicator 7.2) Note. TB = Tuberculosis. Concrete numerical targets defined with a deadline are shaded.
Results
Extraction of Development Types
We performed principal component analysis (PCA) with varimax rotation in order to reduce a large number of indicators into a few independent variables representing different features of development. According to the component loadings matrix ( Figure 1 and Table 3; see Table A1 Sustainability 2016, 8, 189 7 of 19 for extended table), four principal components (PCs) with an eigenvalue of >1.00 were extracted, accounting for more than 80% of the total variance in MDG indicators.
development. According to the component loadings matrix ( Figure 1 and Table 3; see Table A1 for  extended table) , four principal components (PCs) with an eigenvalue of >1.00 were extracted, accounting for more than 80% of the total variance in MDG indicators.
PC1 had strong negative loadings of HIV prevalence, poverty ratio, and infant or under-five mortality rate; and positive loadings of CO2 emissions and prevalence of improved drinking water and sanitation facilities. We therefore labelled PC1 "poverty reduction", representing the stage of industrialization and standard of living. PC2 had strong loadings of antenatal care coverage and ratio of girls to boys in primary school, and was therefore labelled "improvement of social welfare". We labelled PC3 "spread of tuberculosis" and PC4 "proportion of environmentally protected areas". Table A1 . Some indicators were log-transformed (indicated by "log"). The Kaiser-Meyer-Olkin measure of sampling adequacy was 0.876 (p < 0.001), indicating that this analysis is appropriate for these variables, and the components are distinct and reliable.
PC1 had strong negative loadings of HIV prevalence, poverty ratio, and infant or under-five mortality rate; and positive loadings of CO 2 emissions and prevalence of improved drinking water and sanitation facilities. We therefore labelled PC1 "poverty reduction", representing the stage of industrialization and standard of living. PC2 had strong loadings of antenatal care coverage and ratio of girls to boys in primary school, and was therefore labelled "improvement of social welfare". We labelled PC3 "spread of tuberculosis" and PC4 "proportion of environmentally protected areas".
Contribution to SWB
To determine the relative contribution of each PC to SWB, we performed a multiple linear regression. As a measure of SWB we used life satisfaction (LS) with a scale from 0 (the worst possible life) to 10 (the best possible life), whose levels were surveyed by the Gallup World Poll during 2005 to 2007. Based on the results of the regression analysis for Model 1, national average levels of LS can be obtained from the following equation:
where X ij indicates the PC j score in the i th nation (see also Table 4 ). The results of regression model-3 showed that GDP per capita can predict the LS levels (R 2 = 0.620), but the value of R 2 was not much different compared to model-1. The value of R 2 for Model 1 reveals that PCs 1 to 4 explain 57.7% of international differences in LS levels, indicating that national levels of LS can be reliably estimated from the degree of human development measured by PC scores. The relative size of the regression coefficients B (see Equation (3) and Table 4 ) tells us which component is more associated with a high level of satisfaction. The strongest determinant of LS was poverty reduction (B 1 = 0.499), followed by social welfare (B 2 = 0.224), tuberculosis (B 3 =´0.230), and environmentally protected areas (B 4 = 0.153).
Another regression analysis using a different measure of SWB, Satisfaction With Life [37] , showed similar results (see Appendix B and Table A3 ), indicating that the findings are robust irrespective of the type of SWB measure.
Comparison between the Gallup survey data and estimated LS scores calculated by the proposed Equation (5), or the results of regression analyses for Model 2 and Model 4 in Table 4 , suggests that Latin American and Caribbean nations enjoy higher levels of LS than expected from the high values in the MDG indicators (Figure 2a) . Additional analysis revealed a significant difference in LS residual error between "Latin America" and "Others" (one-way analysis of variance [ANOVA], Tukey-Kramer post hoc test: p < 0.05) (Figure 2b ). This result agrees well with past findings that Latin American nations had relatively high happiness levels, probably reflecting cultural factors or political and economic turmoil during the years of the survey [7] . percentiles. There were significant differences in residual error among the three regions (one-way ANOVA, F(2,53) = 3.762, p < 0.05), and Tukey-Kramer test showed that the average level of LS was significantly higher in Latin America than in the Others (p < 0.05).
How Much Could LS Be Increased in Each Region?
To assess how much LS has increased over several decades or would increase from now in developing nations, we tested whether Equation (5) can estimate secular changes in LS in Japan during its period of rapid economic growth (1950s to 1970s) before applying it to developing nations. We found that Equation (5) can explain secular changes in average levels of LS until a nation's standard of living has reached a certain level and material needs are met (see Appendix C, Table A4 , and Figure A1 ). Based on the result, we estimated regional average levels of LS in 1990 and 2010 by Equation (5), and then determined how much progress each region had made over 20 years from a benchmark year for the MDGs. We also calculated Full-MDG levels of LS, which are the levels that would be obtained if all quantitative MDG targets were achieved within a region. It must be noted that the aim of this assessment is not to find out which region is the happiest or unhappiest, but to identify where they have room for further development and how much LS could be improved.
We found that deficits of LS, calculated as Full-MDG levels minus 2010 levels of LS, were greatest in sub-Saharan Africa; if every region accomplishes the MDGs, Oceania and sub-Saharan Africa will gain more than 0.5 points of LS score to reach their Full-MDG levels of 5.47 points and Comparison between survey data and estimates. (a) The 56 nations were divided among Latin America + the Caribbean, sub-Saharan Africa, and the Others (East Europe, Asia, and North Africa); and (b) the residual error (calculated as survey value minus estimate) is expected to reflect cultural factors or national characters. A dot means arithmetic mean; line within box, median; bottom and top of each box, 25th and 75th percentiles; horizontal lines outside box, 10th and 90th percentiles. There were significant differences in residual error among the three regions (one-way ANOVA, F(2,53) = 3.762, p < 0.05), and Tukey-Kramer test showed that the average level of LS was significantly higher in Latin America than in the Others (p < 0.05).
We found that deficits of LS, calculated as Full-MDG levels minus 2010 levels of LS, were greatest in sub-Saharan Africa; if every region accomplishes the MDGs, Oceania and sub-Saharan Africa will gain more than 0.5 points of LS score to reach their Full-MDG levels of 5.47 points and 5.57 points, respectively (Figure 3a and Table A5 ). Sub-Saharan Africa has room for development in poverty reduction (PC1), while Oceania requires almost every component to be improved (Figure 3b and Table A6 ). These results suggest how to set priorities of targets to enhance well-being. Negative values of deficits do not always mean that no more effort is necessary to implement the MDG targets related to the component. PC scores are influenced by indicators with high PC loadings, but other indicators with lower loadings can also determine the relative significance of the score. For example, although tuberculosis death rate may need to be decreased, another problem which requires greater improvements, such as a high maternal mortality, can diminish the seriousness of high tuberculosis prevalence, resulting in negative values of deficits in PC3. Another finding was that there would be a difference in Full-MDG levels of LS among nine regions (Figure 3a) , ranging from 5.47 points in Oceania to 6.13 points in Latin America and the Caribbean. This disparity of LS at Full-MDG level is caused by the global common targets set and the differences in conditions when all the targets are fully accomplished: The target of reducing the under-five mortality rate by 2/3, for instance, allows Region A, with a high initial mortality of 150 per 1000 live births (150‰), to achieve 50‰ at best in the Full-MDG scenario, whereas Region B, with a lower initial mortality of 30‰, is expected to achieve as low as 10‰; therefore, Region B would gain a higher level of LS than Region A.
Negative values of deficits do not always mean that no more effort is necessary to implement the MDG targets related to the component. PC scores are influenced by indicators with high PC loadings, but other indicators with lower loadings can also determine the relative significance of the score. For example, although tuberculosis death rate may need to be decreased, another problem which requires greater improvements, such as a high maternal mortality, can diminish the seriousness of high tuberculosis prevalence, resulting in negative values of deficits in PC3.
Discussion
The MDG framework is a list of quantitative targets proposed in the 1990s [2] . Given that the concept of human development refers to an enlargement of all human choices extending far beyond economic growth-to include social, cultural, and political well-being [38] -it is meaningful to assess the MDGs' contributions to the subjective aspect of human well-being, which has not been fully clarified before; most previous publications have pointed out the strengths and weaknesses of the MDGs mainly by providing descriptive analyses or statistical data (reviewed in [3] ).
We introduce the SWB approach as a useful assessment tool. Firstly, a measure of SWB serves as an alternative yardstick of several intangible conditions (e.g., poverty, illness, and environmental deterioration), making it possible to quantify multidimensional human development in a single value, which aggregates the various targets. Secondly, estimated levels of SWB represent the degree of human development at a given time and place. They are helpful for considering prioritized and effective lists of targets specific to regional contexts, as "the results gained from happiness research should be taken as inputs into the political process" [23] (pp. 168-169). In this regard, drawing policy lessons from this approach requires careful attention since national average data of SWB or MDG indicators often conceal micro-level diversity or disparities.
We conclude that achievement of the MDGs is accompanied by higher levels of SWB measured by LS in low-to middle-income nations. It should be noted that the SW approach is based on the cross-sectional study and cannot capture directions of causality: for example, what makes people happier may not be the attainment of the MDGs but a pre-existing positive attitude of people. This study showed, however, that there was at least a significant correlation between human development and LS. The relatively strong importance of "poverty reduction" (PC1) suggests that the MDGs' emphasis on reducing extreme poverty matches subjective views and needs in less-developed nations.
It can be pointed out that national income levels have a latent contribution to high levels of LS and all PCs. Several studies, as well as the regression analysis for Model 3 in this study, have presented empirical evidence for a positive correlation between income and happiness across nations [39, 40] , and it should be true that a rise in monetary indicators eventually leads to the alleviation of some poverty problems. We can still argue, however, that economic prosperity cannot be realized without specific strategies for action. What is more, output-oriented targets for many aspects of human development are preferable to input-oriented targets, typically presented in such forms as extensive financial assistance, because output-oriented targets "help to clarify the vision of a higher quality of life for all people, and will provide guideposts against which progress toward that vision can be measured" [41] (p. 9).
In recognition of the limitation of income-based indices such as GDP and economic growth rate in measuring all dimensions of human well-being [42] composite development indices, like the HDI and the OECD's Better Life Index, were formulated to incorporate what seemed to be essential for helping people's lives to flourish. These composite indices are calculated as a geometric average or a sum of several values. For example, HDI is a geometric average of three normalized indices: life expectancy, education, and income index [43] . The components taken into account, however, are still limited in number, and are given equal weight, although they are often related to each other and not comparable. The MDG-based LS, proposed in this study, reflects a wider variety of dimensions of human development, and can be obtained as a sum of four values adjusted according to their relative contributions to wellbeing, being closer to subjective values and priorities of people in developing nations.
While we should make better use of both SWB measures and conventional indices in line with the current conditions or values and policies of each community, the MDG-based LS is expected to be a convenient tool to aggregate wide-ranging human development metrics and to assess the progress of development. Although the estimation of LS levels has a limitation since the linear regression equation could not be applied to the nations which have reached a certain level of development or life circumstances (see Appendix C), the estimation of LS levels will offer further information useful for decision-making in developing nations. For example, the regional disparity in SWB at the Full-MDG level, identified in this study, highlights the need for further discussion by the international community of whether to ensure equality of target settings or equality of SWB levels when all the targets are fully accomplished. The SWB approach can be applied to the evaluation of the Sustainable Development Goals (SDGs), which build upon the MDGs and consist of 17 goals and 169 targets [44, 45] in terms of their contributions to our sense of happiness.
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Appendix B
Another measure of SWB is Satisfaction With Life (SWL), which is used by many national and institutional surveys such as the World Values Survey (WVS), which started in 1981 and has interviewed people in nearly 100 countries that hold almost 90% of the world's population [37] . A dataset of national average scores of SWL in the 2000s was available in the World Database of Happiness (WDH) [46] , most of which are based on responses to a question used in the Gallup World Poll and the WVS:
All things considered, how satisfied are you with your life as a whole these days? Using this card on which 1 means you are "completely dissatisfied" and 10 means you are "completely satisfied," where would you put your satisfaction with your life as a whole? The WVS's scores on a scale of 1 to 10 were transformed linearly to a scale of 0 to 10. We performed a regression analysis using the WDH SWL data instead of Gallup's LS data to see whether the determinants of SWB and their relative contributions differ depending on how SWB is measured (Table A3) . The national average level of SWL and a set of PC scores served as a dependent variable and explanatory variables, respectively, for the 56 nations. Table 4 ), consistent with previous findings [29] . R 2 indicates that 53.0% of international differences in SWL can be explained by PCs 1 to 4, and the strongest determinant of SWL was PC1 (Poverty reduction). Although the relative contributions of each PC differed slightly between the two measures, both measures were similarly correlated with each PC.
Appendix C
To verify whether the MDG-based formula can explain secular changes in life satisfaction (LS) within a nation, particularly among developing nations, we estimated average levels of LS in Japan during the period of rapid economic growth (1950s to 1970s). Since it is impossible to collect past data for indicators identical to the 29 MDG indicators, we used a single indicator (I j ) representative of MDG indicators for which the principal component (PCj, j " 1, 2, 3, 4q had high loadings to approximate the PC score:
where values were standardized using the average value (I J ) and standard deviation (SD j ) for 56 sample nations, and approximate scores of PCj in nation k´X 1 kj¯c an be obtained by a regression equation. Since both Z j and X j are standardized with an average of 0 and a standard deviation of 1, the constant term (b) is 0, and regression coefficients (a) are consistent with correlation coefficients (r j ) between Z j and X j for the 56 nations. Table A4 displays detailed information on the representative indicators. Infant mortality and tuberculosis death rate came from the Ministry of Health, Labor and Welfare (MHLW) [47] . The gender parity index in primary-level enrolment was set to 1.0 on the assumption that every child aged 6 to 12 years entered primary school after the introduction of compulsory education in 1947. The proportion of forested areas was regarded to be constant (67%) over the long term.
Annual estimates of LS in Japan were calculated by using these approximate scores of PCs in Equation (5):
LS " 4.845`0.499¨X
The estimated levels of LS were compared with survey data available in the WDH [46] . The data source is the Life in Nation surveys conducted by the Cabinet Office of Japan (former Economic Planning Agency), which started in 1958. Every year, 10,000 to 20,000 individuals aged 20 and older are selected at random, and around 6000 to 7000 of them respond to the questions face to face. Life satisfaction, which is measured on a scale of 1 to 4 using verbal response options such as "very happy", was transformed into a scale of 0 to 10 by rating the verbal response on a numerical scale [48] ; for example, 7.0 for "fairly happy" and 5.6 for "not too happy".
The wording of the survey question and response options was changed in 1964. The previous question was:
What do you think about your circumstances of life? 4: almost satisfied, although too much is never enough; 3: not too bad if I can continue my current life, although not very satisfied; 2: unsatisfied; 1: I cannot stand it any longer, prompting the respondents who felt unsatisfied to answer "almost satisfied (=4)" or "not too bad (=3)". That is why the national average levels during a period of 1958-1963 were higher than the responses to the current style of question after 1964 ( Figure A1 ). The current question is:
How satisfied are you with the current life as a whole? 4: satisfied; 3: fairly satisfied; 2: somewhat unsatisfied; 1: unsatisfied.
Comparison of secular changes in estimated satisfaction with survey data allowed us to conclude that the MDG-based LS (Equation (A3)) can explain the moderate increase in LS score during the period when both infant mortality rate and tuberculosis death rate were decreasing, but it cannot explain a decline in satisfaction after 1996, indicating that some determinants other than MDG-like material components are correlated better with life satisfaction in nations where national income has reached a certain level and material needs are met [10] . prompting the respondents who felt unsatisfied to answer "almost satisfied (=4)" or "not too bad (=3)". That is why the national average levels during a period of 1958-1963 were higher than the responses to the current style of question after 1964 ( Figure A1) Comparison of secular changes in estimated satisfaction with survey data allowed us to conclude that the MDG-based LS (Equation (A3)) can explain the moderate increase in LS score during the period when both infant mortality rate and tuberculosis death rate were decreasing, but it cannot explain a decline in satisfaction after 1996, indicating that some determinants other than MDG-like material components are correlated better with life satisfaction in nations where national income has reached a certain level and material needs are met [10] . 
